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FOREWORD

This first semi-amnual report on the internal program, "Synthesis
and Evaluation of Mercurial (II) Acetates and Related Triphenyl-Fhosphine
Complexes as Lubricant Additives," uaé initiated under Project No. 3044, Task
No. 304405, with Captain Stanley M. Dec acting as project engineer.

This report covers work conducted from 1 May 1963 to 31 October 1963.

/
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ihe synthesis and evaluation of mercury (II) acetate derivatives and related

triphenylphosrhine cosplexes as lubricant additives.

X. Introduction
The purpose of this study was to 'synthasize and evaluste the following
compounds as potential edditives to new lubricants applied to eircrart systeums:
1. Mercury (II) Acgtate Derivatives.
A CHBCOO-H-S-OOCCHB
B. CHBCﬂ’acOG-Bg—OOCCHzCHB
Ce  CH3CHoCHCO0-Hg- COCCHCH,CHy

P, 033 CF2CF'20 00-Hg-00CCH 201?281"3

. HOCH,000-Hg-00CCH,0R

C1CH,C30 - Hg-000CH,C1

Fa$
-

C.  BrUH,CO0-Hg-0UCCH Hr
Ho CgHgC00-He-00CCgHS
I. CF3000-Hg-000CK,
Je 8013000-&5-0000013
2. Tripheaylphosphine Complexes of Mercury (II) Acetate Derivatives
) ,0”
3 \
(Cé.jjaPa 0.0 38 3
B. ((CH, CHQCOU)éIg)Z‘((P((:éHr)B)z (bridge structure 24)
c. (CHBCHZCBZGOO)ZHQZ‘((P(U6H5) )2 {bridge structure 24)
(Cgits)sP” "\ 00CCE,CF,OFy
Bo ( (pc}lj)a rIm. \)OCCFDOH)Q
Fo ((961{5)3?,2-&(0000&1231)2
G. ((C4Hg) P),-Hg{00CCH,Br) 5

A
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" ((cénj).j?)a-ﬂgtooccé%)?

((C,H.),P),Hg( GOCCF, )
L. 6H5/5F )2 372

5 (3655 )BP)E.H'S( Omcc—alg

3. Mercury (II) Acetanmide

A, CHBCONH-Hg-HNOCCBH

The results are summerized in Tables I and II.
This study was approached through a survey of the literature in specific

areas and through éipe_rimental investigations of the above compounds.

II. Preparation of Compounds

A. Synthesis of Mercury (II) Acetates

It was found that the mercurial (II) acetates could readily be prepared
by the reaction of the organic ac_id with yellow mercuric oxides

2 RBOOH +»Hng S (Rcoo)zﬁg + Hx0 .
The general procedurs involved short periods of refluxing to promote the reaction;
“The reaction procaeded at room temperature with perfluorebutyric: zwid.
1, Mercury (II) acetate was & commerical proparation obtained from

Matheson, Coleman, and Bell.
2, Synthesis of Mercury (II) propionate. To a solution of 74,04

graffis (1 mole) of propionic acid in 150cc. of reagent grade benzene was added 102 grams
(0.472 moles) of yellow mercuric oxide. The mercuric oxlde was completely reacted

after 30 minutes of refluxing. The colorless solution was filtered hot and allowed
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to cool to room temperatu;ef The c:ysyq;lized, colorless plates were collected on a
suction filter and gave 100 grams (Zé.ﬁ%) of product, u.p. 111.5-112.5°,

3.  Synthesis of mercury (II) butyrate, To a solution of 88 grams
(1 mole) of butyric acid in 200 cc. of reagent grade benzens was added 120'grams (0.555
‘moles) of yellow mercuric oxide. The reaction mixture was reflnqu fq: 20 minutes,
During thistime all of the mercuric oxide was reacted. An excess-§£ 20 grams of yellow
mercuric oxide was then added and the mixture refluxed for an additional 30 minutes.
The mixture was filtered hot to remove the excess mercuric oxide., The filtrate was
cooled to room temperature and the precipitated solid was collected on a suction
filter, ylelding 110 grams (29.1%) of white plates, m.p. 95-96°.

4, Synthesis of mercury (II) chloroacetate. To a solution of 40,83

grams (0,432 moles) of chloroacetic acid dissolved in 250 cc., of reagent grade benzene
was added 46.8 grams (0.216 moles) of yellow mercuric oxide., The reaction was allowed
to reflux for 21 hours. The hot solution was then filtered to remove traces of unreacted
mercuric oxide, The hot filtrate was treated with charcoal, refiltered, and cooled.

The precipitated white solid was collected on a suction filter in 63 grams (37,7%4) yield,
Yieps 114115,

5 §!E&hg§1§_Q£_M:I9nn!_LIIl_Enrflnnznhntztggg. To a solution of 100
grams (0.467 moles) of perfluorobutyric acid in 250 cc. of reagent grade benzene was
added 45.3 grams (0.209 moles) of yellow mercuric oxide. The reaction proceeded at
room temperature, overnight, for a period of 17 hours. The reaction mixture was
treated with activated carbon and filtered. The solvent and unreacted butyric acid
were evaporated under vacuum and gave 90 grams (30.7%4) of a pale brown liquid.




La Synthesis of Mercury (II) w. To 700 cc. of reagent grade
benzene was added 40 grams (0.10 moles) of benzoic acid and 10,8 grams (0.05 moles)

of yellow mercuric oxide, The reaction mixture was refluxed for two hours, filtered
hot, and cooled to roonm témperature. The precipitated white needles were collected

on a suction filter in a 41 gram (93.6%) yleld, MoPe 110-112°,
7 Synthesis of Mercury (II) Trifluorocacetate. To a stirred suspen-

sion of 47.2 grams (0,218 moles) of yellow mercuric oxide in 100 cc. of reagent
grade benzene was slowly added 100 grams (0,435 moles) of trifluorcacetic acid

diesolved in 100 cc. of benzene, Additional mercuric dxidq was added until a slight
excess of unreacted mercuric oxide remained; The reaction mixture was heated and
treated with activated carbon., After cooling, the white orystalline solid was
collected on a suction funnel and gave a 175 gram (94.3%) yield, ')ﬁ'f‘ 122.125°,

2
I

§.  Synthesis of Mercury (II) Trichloroacetate. To a solution of 80.5

grams (0,303 moles) of trichloroacetic acid in 250 oc. of reagent grade benzene was
added 30 grams (0.138 moles) of yellow mercuric oxide. The reaction mixture was
‘refluxed for 4 hours. At the end of this time period, fho mercuric oxide was come
pletely reacted. The reacted solution was cbolad‘ifto 15° and the precipitated white
crystalline solid was collected on a suction filter in a 50 gram (68.8%) yield,
m_,P. 12? dec.

19, Synthesis of Mercury (II) Hydroxyacetate. To a solution of 100

grams (1,32 moles) of hydroxyacetic acid in 250 cc. of reagent grade benzene was added
4128 grams (0,595 moles ) ofyellow mercuric oxide. The reaction proceeded at room
temperature to give a whité solid, Refluxing was continued for an additional hour,
After cooling, the white solid was collected on a suction filter, crystallized from
hot €€1, and gave 85 grams (40.8%) of product, Meps 114.115,

5
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10. _Synthesis of Mercury (II) Acetamide, To an Brlenmeyer flask was
added 118 grams (2 moles) of acetamide and 108,3 grams (0.5 mole) of yellow mercuric

oxide. The mixture was gradually heated above 180°C on a hot plate until all of the
mercuric oxide was reacted. After cooling, the white solid was crystallized f;'om
hot methanol and gave 110 grams (70%) of white crystalline solid, pepe 195°C,
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B. Synthesis of Triphenylphosphine Complexes of Mercury (II) Acetates.
The synthesis of compounds of triphenylphosphine with mercury (1)
acetates was undertaken to develop additives of higher molecular weight. The derivatives
synthesized were found to give two classeé of compounds:

A becovalent complex with tetrahedral structure,

(CH)P 0OCR
3 8g.

(cH )3p7’ “\00CR

and a 4 covalent trans- symmetrlc tetragonal brldged structure

These structural assignments were assigned on the basis of work performed
by Mann 1,2 et al. on the "Addition Compounds® derived from 3.covalent phosphine with
Cd and HgII halides,

The compounds weres conveniently prepared by a reaction of equal molar
quantities of triphenylphosphine with the acetate in dry solvent (ether, tetrahydro-
furan, or 1.4-dioxane).

1.7 Synthes1s of Diacetato blstrlphenylphosphlne w- dlacetatodlmercury

To a solution of 33.24 grams (0.1042 moles) of mercuny (II) acetaéguigréfo ce. of absolute
ether was slowly added 20.43 grams (0.078 moles) of triphenylphosphine. The reaction
mixture was shaken and cooled (to prevent product decomposition) during the addition.

The reaction mixture was then stirred for 15 minutes. The precipitated white crystals
were collected on a suction filter and rinsed twice with 40 cc. portions of dry

tetrahydrofuran., The yield of product obtained was 50 grams (82.5%),5ﬁ.p., dec.
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ANAL: Caled. For c22“2138°l.1”
%C 45.51 %H, 3.13 %0, 11.02 %P 5.16
FOUND: %C 45.62 #H, 3.91 %0, 11.14 %P 4.57
2. Synthesis of Digro;gianatobistrighegzlghoaghine-v-digrogianatedimercg.
To a solution of 5 grams (0.014 moles) of mercury (II) propionate in 40 cc of dry
tetrahydrofuran (distilled from L AHL) was slowly added 3.8 grams (0.0145 moles) of
triphenylphosphine. The reaction mixture was stirred and ;:ooled during the addition
to prevent product decamposition. The precipitated white crystals were collected on
a suction filter, rinsed with 25 cc of absolute ether and gave 8 grams (47.0% of white
solid, m.p. 263-264.5°.
ANAL; Caled for: C8¥5008F g
#C 47.31 #H 4.14 %P 5.08
FOUND: %C 50.82 &H 4.52 %P 6.60
3. Synthesis of Dibutmtobistriggegzlphoaghino-u—dibutzzatodimercm.
To a solution of 5 grams (0.013 moles) of mercury (II) butyrate dissodved in 4O cec of
dry tetrahydrofuran (distilled from LiAth) was slowly added, 3.5 grams (0.013 moles)
of triphenylphosphine. The reaction mixture was stirred and cooled to prevent product
decomposition. The precipitated white solid was collected on a suction filter and gave
7 grams (42.3%) of product, m.p., 151-152°.
ANAL: Caled for: c52360°8"2382
%C 48.99 %H 4.58
Found: #%C 49.21 %H 4.96

h. Synthesis of Diperfluo meot;tobistri@eglghosphinemercx_lg. To a

solution of 10 grams (0.016 moles) of mervury (II) perfluorobutyrate was slowly added,

4.18 grams (0.016 moles) of triphenylphosphine, while the temperature of the reaction
flask was kept cooled to room temperature. A white solid settled out immediately.
The reaction mixture was stirred and cooled to prevent product decomposition. The

white crystalline solid was collected in 11 gram (63.2%) yield, mp., 220-1°.
a
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ANAL: Calcd for: GMBBOPMOAH 2
#C 45.01 #H 2.5 %P 5.38
Found: #%C 45.60 #%H 2.83 %P 6.44
5. Synthesis of Dihydroxyacetobistriphenylphosphinemercury. To a
suspension of 5 grams (0.016 moles) of mercury (Ii)‘ hydroxyacetate was slowly added
4.35 éramd (0.016 moles) of triphenylphosphine. The reaction mixture was stirred,
and cooled to prevent product decomposition. The white crystals were collected on
a suction filter in a 8.4 gram (71.8%) yield, m.p., 195°.
ANAL: Calcd for: cwHBL°6HgP2
%C 54.99 #%H 3.91 %P 70
Found: #C 54.08 #H 4.23 %P 6.78

6. Synthesis of Dichloracetobistriphenylphosphinemercury. To a solution
of 12.01 grams (0.0124 moles) of mercury (II) chloroacetate in 200 cc of dry tetrahydro-

furan (distilled from L:LAth) was slowly added 13.62 grams (6.0518 moles) of triphenlphos-
phine. The reaction mixture was stirred and cooleﬁ to preveant product decomposition.
The precipitated solid was 'collected on a suction filter in a 11.75 gram (58.2%) yield,
m.p, 192° dec. ’
ANAL: Caled for: GjOH; PoHe0,Cl,
#C 52.61 #H 3.76 %CL 7.79 %P 6.80
Found: $C 50;82 #H 3.64 %CL 8.21 %P 5.85
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7. Synthesis of Dibenzoatobistriphenylphosphinemercury. To a

solution of 10 grams (0.0226 moles) of mercury (II) benzoate in 50 cc of dry
tetrahydrofuran (distilled from LiAlH)) was slowly added 5.92 grams (0.0226 moles)
of triphenylphosphine. The reaction mixture was stirred and cooled to prevent
product decomposition. The solvent was evaporated and yeilded 13.9 grams (64.1%) of
white crystals m.p., 204-5.

ANAL: Calcd for: csonhopzagoh

#C 62.05 #H 416 AP 6.41 %Hg 20.64
FOUND: #C 62.40 %H 4.64 %P 6.37 %Hg 21.49
8. Synthesis of Ditrifluorcacetobistriphenylphosphinemercury. To a

solution of 11.08 grams (0.025 moles) of mercury (II) trifluorocetate in 100cc of
dry 1,8-dioxane (distilled from LiAI.Hh) was slowoly added 6.81 grams (0.026 moles)
of triphenylphosphine. The reaction was Stirred and cooled to prevent product
decomposition. The white solid was collected on a suction fi}.ter in a 10 gram
(61.6%8) ykeld, m.p., 230-1°.

ANAL: Caled for: (21’01-1301"601‘1’2

%6 50.51 #H 3.16 #P 6.52
FOUND: %C 50.58 #H 3.28 &P 7357

/0
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9. Synthesis of Ditrichloracetatobistrighenxlghosghinéfkercugx. To
a solution of 4 grams (0.0075 moles) of mercury (II) trichloroacetate in 40 cc. of dry
tetrahydrofuran (distilled from LiAth were added 1,96 grams (0,0075 moles) of triphenyl-
phosphine. The reaction mixture was stirred and cooled to preveat product.decomposition.
The solventvwas evaporated and gave 4.5 grams (60.4 %) of colorless liquid (this compound
decomposes on standing 1-2 days).
ANAL:  Calcd. for CuoHsocléoquP2
7C, 52.88 ZH, 3.22 %Cl, 7.70 %P, 6.83
Found: %C, 52.15 %H, 3.88 %Cl, 8.75 %P, 5.00

10. Synthesis of Ditrifluorcacetatobistriphenylphosphine-u-diacetato-

dimercury. To a solution of 1.7 grams (0,00526 moles) of mercury (II) trifluoroacetate
in 50 cc. of absolute ether was ddded 5 grems (0.00526 moles) of diacetatobistriphenyl-
phosphine-u-diacetatodimercury., The reaction mixture was stirred end cooled to preveat
product decomposition. The precipitated colorless solid was collected in 2.5 gram

(65.1 %) yield.

/i
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SUMMARY

e

Objectives The objectives of this report are:

1. The preparation and evaluation of the mercurial (II) acetates and
the triphenyl phosphine complexes of mercurial (II) acetates as
candidate additives for anti-.oxidation, extreme pressure, and anti-
wear in new lubricants. The synthetic results for the preparation
of mercurial (II) acetates are tabulated in Table I.

The asynthetic results for the preparation of the triphenylphosphine
complexes of mercurial (II) acetates are tabulated in Table II,
Both series of compounds listed are ready for evaluation as can-

didate additives.

[ 2
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10.

TABLE I

PREPARATION OF MERCURIAL (II) ACETATES

Compound . Structurse
Mercury (II) acetate Aoﬁwnoovmmm
Mercury (II) propicnate Anmunmmccouwmm
Mercury (II) butyrate (CH, GH, G, 000),,Hg

Mercury (II) chloroacetate Aownmmnocvmmm

Mareury (II) perfluorobutyrate ﬁnmwamwnmmccovwmw

HMercury (II) benzoate AcaMmOOOVMNG

Mercury (II) trifluorcacetate nomwnooummm

Mercury (II) trichloracstate Accﬁuoocvmmm

Mo 1% E (II) bydroxyacetate . Agnmmaoo.ummm
Mercury. (II) aceteunide (CB, GQNH) Hg

*--Commsrcial preparation.

Physical State
white solid

vwhite solid
white solid
white solid
pele browm liq.
white solid
white solid

white solid
white solid

white solid

% Yleld

76.5
29.1
37.7
30.7
93.6
943

68.8
40.8

70.0

M.P.

dec.
111.5-112.5
95-96
114-115
110-112
122-125

127 dece
dl4-115
195

4
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TABLE II

PRODUCTS OBTAINED FROM TRIPHENYLPHOSPHINE AND VARIOUS MERCURY (II) ACETATES

Reactant with
mevv.bu«wn , Carbon, %
s Product Strugture £ Yield M.P.
o &
: &
1. X gv ~.Diacetatobiastri- CH,CQ0 9 R VAO ) 82, dec. 8, 62
| Ew mmn -phenylphosphine mw _V Hg ..wm 653 5 dec. 45.51 45
_ ,_Eonnﬁ.«. &
: g
o\O&m 263-
- A 8°v E”gﬁﬂgugﬁ GO0 sﬁ.. WA #.N o he! . .

cmunm» Nmm _bistriphenyl- 5 6000 ma/ CeHs ¥ 2645 k.wwu\ 50.82
Phosphine-u~ (C:B_). P« ® 0 00C E
dipropianato~ s ww & ammnju
dimsrcury &>

o
. ) Qv
\\Nf..\
3. (CHyCH,CH 000),Hg Dibutyrato  CH,CHACHHCOQ &,  P(C o 151-2 8.

Eu #™ bistriphenyl- Halha /\ 2, ,\1 eig)y  42.3 48.99 49.21
phoaphing-u- mm mm _
dibutyrato-
dai ,

e (et V% && cooﬁm&wﬁw
4 (CF,CFaCF,000),Hg Diperfluoro-~ (c .v OOCCE,CH,CF, 63,2 220-1 145.01 45,60
373 acetatobistiri- mmu 3 fmm\ 27723
phenylphosphioe- Aommuvuw,\. ™ OOCCF oCF CF5
mercury

Anelysia
Hydrogen, % FPhosphorous, %

Caled. Found Celcd. Found Calcd, Fouwrd

3413 3.91 5.16  4.57

438 _4.52 5.0  6.50

Le58  4.96

2.54 2483 5.38 6.4

RS ¥
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TABLL iI (cont'd)

.... Reactant with

Tripheinyl- Carbon, % Hydrogen, % FPhosphorous, %
Mo. phospline Product Structure Z Yield i.I’» Valed. Fouad Csled. Found Calcd. Found

5. Eonmmcoovmmm w»»wmauowmmowg«o- Smmmvwm/ \oonnmmom ﬂ.mSm ?.&mr.omm.ﬁ:.&,\Lom.ﬂm
riphenyl- Hg
phosphine merc. 8%%%\. ~S00CCH 08

6. SwnmunoSmmm Dichloroacetato- Anmmmvwm/.. _00CCHLCL 58.2 192  52.61 50.82 3.76 3.64 6.80 m.mmu
bistriphenyl- :f iecs
pbosphine mercury ﬁcmm.mv mv\. 0CCi,CL
7. (G,R_CO0) Hg Dibenzoato- (C,H_) P 00Ce, biyel 204~ 62.05 62.20 416 4.6 6eul  6.37
mmm < bistriphenyl- 655 /.\mnm . 6% 205
phosphine wercury nommwku ocrcmmu
$. (CF C00) m&_ Ditrifluorencetato %»uu,vuv - Q0GGF, 61,6 230- 50.51 50.58 3.16 3.28 6.52 7.57
3 2 | bistriphenylphosphine:  ° lmm 3 231
' mercury . . Aommuvwﬂ\ /_,o_o.oou.w
9. (CCL_C00) Ritrichloro- (C,H_) P poCCeL | G0y 134 5288 52.15 3.22 3.88
00021 bigtripnenyl- 653 Ny 2 e
phosphine mercury Smmu.vumb ooccel,

/b

/
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TABLE (II) {cout'd)

Reactant with
Triphenyl -

Analysis

Corbon, % Hydrogen, % VPhosphorous, %

No, Phosphine Ppoduct Structure “% Yield B.wu. Celcd. Found Celed. Found (alcd. Found
Se (HOCH,C00) Hg Dihydroxyacetato- | (C.H_ ). P QOCCH,,OH 1.8 195 53459 54.08 3.91  4.23 T.10 6.78
nmm bistripheayl- mmu 3 Hg an
phosphine mercury nnmmmvum 00CCH OH
6. Gpomnoocvm.mu Dichloroecetato- Sm:.mvum QOCCH,CL 58.2 1y2 52,61 50.82 3,76 3.64 6.80 5.85
bistriphenyl- ilg dece
phosphine mercury Gmmmvum 00 CCH,C1
7. (C,H.C00),Hg  Dibenzoato- (C,H.).P 00CC 64.1 204~ 62.05 62.20 4,16  4.64 6.4l 6.37
65" "2 bistriphenyl- 6’5’3 He 6% 205 |
phosphine mercury Aomm.mv uu. cooomm.m
, 8. Smuooovwmm pitrifluorocacetato- Smm ) P conomu 61.6 230- 50.51 50,58 3.16 3.28 6.52 7.57
bistriphenylphos- 53 Hg 231
phine mercury |, nommuvuw oonom.u
9. (cc1 ooovmmm Ditrichloro- Aoom P 00CCCl 60.4 lige 52.08 52,15 3.22 3.88
3 bistiphenyl- 5°3 ilg 3
hosphi H 0OCC
phosphine mercury ?\m~wvum ncnwu
m
b Oxygen present: Calcd. 11.02; Found, 1l.1j.

Chlorine present: Calcd. 7.79; Found, 8.21.

[7
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